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Abstract. Fin has a good effect in strengthening heat dissipation, and the structure is simple,
and it has been widely used in civil and industrial applications, such as radiators, automobile engine
heat dissipation, air conditioning internal and external units, computer radiators and air preheaters
of power station boilers. Based on the CFD numerical simulation method, the temperature change
of the fin under different flow velocities is simulated. Result surface: When the calculation time is
100 seconds, when the air velocity is 0.5 m/s and 1 m/s, the heat dissipation of the fin is about 3.1°C
and 4.6°Cincreasing than that at 0 m/s.

Annomayus. IInacTiHel UMEIOT XOpOIUK 3(P(GEKT MO YKPEIUICHHIO PAaCCEHBAaHUS TEIUa, U
CTPYKTypa MPOCTasi, © OHU MOJYYHJIU IIUPOKOE MPUMEHEHHE B IPAKIAHCKMX M IPOMBINUICHHBIX
YCTAHOBKAaX, TaKWX KaK paIuaTopbl, CHUCTEMbI OXJIAXJCHUS aBTOMOOWIBHBIX JBHUTATEICH,
BHYTPCHHHUC n BHCIIHUEC 0J10KHU KOHAWIIMOHEPOB, paanaTopbl KOMITIBIOTCPOB u
BO3IYXOMOJOTPeBaTENN KOTJIOB IEKTPOCTaHIni. Ha OCHOBE MeTOa YMCIIEHHOTO MOACTHPOBAHHUS
C MHCIIOJIb30BAaHMEM METOJI0B KoMmmbloTepHOH ruapoanHamuku (CFD) Obuta cMmoaenupoBaHa
TeMmIrepaTypa U3MEHEHMs ITUIACTUHBI MPU PA3IMYHBIX CKOPOCTSX MOTOKA. Pe3ynbTaT MOBEpXHOCTH:
npu BpeMeHu pacdera 100 cekyHn, Korja ckopocTh Bo3ayxa cocrasisger 0.5 m/c m 1 wm/c,
paccenBanue Tervia miacTuH Bo3pactaeT Ha 3.1°C u 4.6°C coOTBETCTBEHHO 10 cpaBHEeHHIO ¢ 0 m/C.

Keywords: fin, numerical simulation, air velocity, temperature change.

Knrouesvie cnosa: pedpo, 4MCcI€HHOE MOJIETUPOBAHUE, CKOPOCTh BO3/TyXa, U3MEHEHHE
TEeMIIEPATypHI.

At present, the research on the heat transfer performance of fin reinforced heat transfer unit
mainly focuses on geometric parameters such as fin shape, fin size (height, thickness), number of
fin and fin spacing [1-3]. For the casing type heat storage unit, the fined form mainly includes
longitudinal fin, ring fin and spiral fin [4-6]. Hosseini et al [7] added eight longitudinal fin to the
shell and tube phase change energy storage unit to study the effects of fin height and Stephen
number on the performance of the phase change energy storage unit. The experimental results show
that the increase of fin height can reduce the melting time, and the heat storage of the phase change
unit is a function related to the fin height in the initial stage of melting. Wang et al. [8] studied the
effects of fin height, fin ratio, adjacent fin angle and thermal conductivity of outer tube on the heat
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storage process of the unit. The simulation results show that when the fin height is half, it is
conducive to strengthening heat transfer, and the influence of rib ratio on the heat storage process is
not obvious. Liu et al. [9] conducted experimental research on the fin arrangement angle inside the
heat accumulator, and found that when the thermal fluid temperature is lower than 50°C, the melting
time of the oblique fin is less than that of the vertical (horizontal) fin, but when the hot fluid
temperature is higher than 60°C, the fin arrangement angle does not have much difference in the
strengthening effect of heat exchange.

Theoretical basis
According to the three basic methods of heat transfer—heat conduction, convective heat
transfer, radiation heat dissipation, the main factors affecting the heat dissipation efficiency are
analyzed and determined. Heat conduction, heat transfer from the heat-generating device to the heat
sink, and heat transfer within the heat sink are all heat conduction. Heat transfer in classical heat
transfer can be described by Fourier's law of heat conductivity:

aQ _ .9 (1)
dt dx

In the formula: dQ — thermal conductivity; T — temperature; A — heat transfer area; k —
thermal conductivity; x — the coordinates on the thermal conductive surface.

It can be seen from the formula that thermal conductivity and heat transfer area are two key
factors affecting heat transfer efficiency in heat conduction. Convective heat transfer can be
described by Newton's law of cooling:

q = hA(T,, — Ty) 2

In the formula: g — heat transfer; h — convective heat transfer coefficient; A — heat exchange
surface area; T, — solid surface temperature; Ty — fluid temperature.

By increasing the convective heat transfer area, the heat transfer efficiency can be effectively
improved. However, increasing the heat exchange area usually means that the size of the radiator is
larger, which in turn leads to a larger overall size of the product, and in addition, increasing the
radiator also means an increase in cost [10].

Radiant heat dissipation is mainly to choose the appropriate surface treatment method for the
radiator, according to the current industry experience, this treatment method does not improve the
heat dissipation efficiency of the radiator. Therefore, this article analyzes the air flow rate of the air
inlet to determine the impact on the heat dissipation efficiency of the radiator.

Model building and boundary condition settings

Model the fin based on ICEM and divide the mesh. The dimensions of the fin structure are
shown in Figure 1 and Table 1 below, and the unstructured mesh divided is shown in Figure 2. The
length, width and height of the computational domain are 0.1 m. The fin are 0.056 and 0.035 m long
and wide, respectively, and 0.012 m high.

Set the top surface as the pressure outlet in Fluent, and the pressure value remains the default.
The remaining five surfaces are set as speed inlets, and the speeds are Om/s, 0.5 m/s, and 1m/s
respectively. The standard k-¢ model is used to calculate the model, velocity and pressure coupling
uses the SIMPLE algorithm, all projects are solved using the second order upwind method. The
calculation method is transient, the total step size is 1000 steps, and the time is 100s.The heat sink
heating power is 2500000 w/m’, The power of this model is 14.7 w. Both airflow and heat sink
temperatures are set to 20°C.
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Figure 1. Fin geometry

Tablel
FIN GEOMETRIC LENGTH
name Length(m) name Length(m)
a 0.1 h 0.018
b 0.1 | 0.056
c 0.1 w 0.035
d 0.003

.
. ‘
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Figure 2. Fin meshing

Analysis of calculation results
Figure 3 shows the overall and cross-sectional temperature distribution of the fin at a velocity
of 0 m/s. It can be seen that the maximum temperature of the fin is 55.2°C, the position of the
highest temperature is at the bottom, and the temperature decreases with the increase in the
direction of the length of the fin. At a velocity of 0 m/s, it is a natural convection situation, so the
temperature gradient of the fin cross-section is not obvious.
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Figure 3. Temperature distribution at 0 m/s
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Figure 4 shows the overall and cross-sectional temperature distribution of the fin at a velocity
of 0.5m/s. The calculation results show that when the velocity is 0.5m/s, the maximum temperature
of the fin decreases by 3.1°C from 55.2°C to 52.1°C.

And at the cross-section of the fin, the temperature around the fin is significantly lower than 0
m/s due to the influence of the inlet airflow, and the temperature gradient in the direction of the fin
height becomes significantly larger.
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Figure 4. Temperature distribution at 0.5 m/s

Figure 5 shows the overall and cross-sectional temperature distribution of the fin at a velocity
of 1m/s. The calculation results show that when the velocity is 1m/s, the maximum temperature of
the fin decreases by 4.6°C from 55.2°C to 50.6°C.

As the airflow velocity increases, the temperature gradient of the fin cross-section becomes

larger.
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Figure 5. Temperature distribution at 1 m/s

Figure 6 below shows the comparison of cross-sectional temperature distribution of the fin at
velocities of 0 m/s, 0.5 m/s, and 1m/s under the same temperature scale. It can be seen from the
figure that when the air velocity is Om/s, that is natural convection, the distribution of the
temperature cloud is relatively uniform. When the airflow velocities are 0.5 m/s and 1m/s, a
significant velocity gradient appears in the temperature cloud.

And with the increase of airflow velocity, the maximum temperature of the heat sink also
decreases, indicating that the air velocity has a greater impact on the heat dissipation of the heat
sink.
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Figure 6. Temperature distribution under the same scale

Conclusion

In this paper, the fin model is established based on ICEM, and the mesh is divided, and the
boundary conditions are set in Fluent for calculation.

The calculation results show that when other boundary conditions remain unchanged, the heat
dissipation of the fin increases with the increase of airflow velocity. Among them, the temperature
of the fin at an airflow velocity of 0.5 m/s and 1 m/s is about 3.1°C and 4.6°C lower than that at an
airflow velocity of 0 m/s.

Therefore, increasing the airflow velocity is conducive to the heat dissipation of the fin.
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